Objective: Alcohol-impaired driving persists as a major cause of traffic fatalities and injuries among young drivers. This meta-analysis examined whether brief alcohol interventions were effective in reducing driving after drinking among adolescents and young adults.
month; with nearly one in ten having done so at least once in the prior month [5] .
Driving while intoxicated (DWI) is a major cause of U.S. traffic fatalities and injuries [7] . Those who drive after drinking tend to be involved in more serious crashes and sustain greater injury severities than those who drive sober [3] . For example, drivers under 21 years old are 17 times more likely to die in a crash when they have a blood alcohol concentration of 0.08% or higher than when they have not been drinking [5] . Furthermore, motor vehicle crashes are the leading cause of mortality for U.S. adolescents [8] and over 20% of drivers aged 15 to 20 involved in fatal motor vehicle crashes in 2010 were drinking prior to the crash [9] .
Most drinking drivers are not diagnosed with an alcohol use disorder, but rather are simply engaging in periodic alcohol consumption, sometimes at excessive levels [1, 10] . Heavy episodic drinking (defined here as consuming four or more alcoholic drinks on one or more occasions for women and five or more drinks on one or more occasions for men) is one risk factor for motor vehicle crashes and other related negative consequences [1] . Heavy episodic drinking is common among adolescents [5, 11] , and most (81%) teen drivers involved in lethal road traffic crashes have blood alcohol concentrations (BACs) at high levels indicative of heavy episodic drinking [5] .
Prevention and Intervention
Prevention and intervention strategies used to address drinking and driving vary by punitive level and the drivers they target [1] . Universal DWI prevention approaches target the general population prior to the occurrence of a DWI event. These might include, for example, alternate transportation and designated driver programs, educational training for servers of alcoholic beverages, BAC level laws, or other laws targeting young drivers and their access to alcohol [1, 12] . Selective and indicated DWI prevention approaches target drivers deemed at high risk for drunk driving and may involve license revocation or suspension, fines, probation, vehicle immobilization or Page -02 ISSN: 2330 ISSN: -2178 tagging, or alcohol screening and brief intervention programs [1, 13] .
Brief alcohol interventions (BAIs) may be particularly well suited for DWI prevention among young drivers, who can be easily identified and recruited via school and university settings. Brief interventions refer to a broad family of interventions that can vary in length, structure, delivery personnel, underpinning theory, and philosophy [14] . The defining feature is the short duration of the intervention, which typically entails between one and five sessions with only a few hours in total duration. The therapeutic components in a BAI also vary, but typically include one or more of the following: assessment and feedback related to alcohol consumption; comparison of drinking habits with relevant norms (e.g., same gender, same age peers); goal-setting and contracting exercises; decisional balance exercises highlighting the pros and cons of drinking; discussion of drinking moderation strategies; and provision of information (e.g., how to calculate BAC or money spent on alcohol). These therapeutic components are often based on the principles of cognitive behavioral therapy, motivational enhancement therapy [15] , and the transtheoretical model of behavior change [16] , which emphasize the importance of stimulating participants' abilities, capacities, and motivations to self-evaluate and self-regulate behaviors. For instance, the intervention might highlight the perceived costs and benefits of alcohol consumption, provide opportunities to discuss options for moderating alcohol consumption, and provide personalized BAC charts based on participants' height and weight.
Research on the effectiveness of selective and indicated DWI programs has largely focused on programs for convicted offenders and recidivists or interventions for those injured in road traffic crashes and treated in emergency rooms and trauma settings [13, [17] [18] [19] . One meta-analysis that investigated the effects of remediation programs for DWI offenders on their subsequent recidivism, for instance, suggested that education and combined education/psychotherapy programs were associated with the largest beneficial effects, especially for the lowest risk group of offenders [20] . Another review of the research indicated that legal sanctions were effective in reducing DWI recidivism [13] . Other reviews have indicated that remedial or rehabilitation programs combined with licensing sanctions resulted in the greatest reduction in alcohol-related driving incidents [21] . A more recent review [22] , however, found no evidence that punitive approaches to drinking and driving, such as suspension or revocation of a driver's license, conviction or probation, were effective in reducing DWI recidivism. Although these prior literature reviews provide evidence that certain prevention efforts may reduce DWI, to date we are unaware of any prior reviews or meta-analyses that have focused specifically on BAIs as a selective intervention approach to reduce driving after drinking for adolescents and young adults.
Given the public safety and health risks, potentially lethal consequences of alcohol-impaired driving, and costs of prevention and treatment efforts, an important question is whether BAIs are effective in reducing DWI among adolescents and young adults. Research to date suggests that brief interventions are effective in reducing alcohol use among this population [23] [24] [25] [26] . Thus, the objective of the current study is to examine whether BAIs targeting adolescents and young adults are also effective in reducing drinking and driving occurrences. We use meta-analytic methods to synthesize findings from primary studies identified in a systematic review of the literature and estimate the average effect of BAIs on DWI outcomes. We also explore whether effects on DWI outcomes are robust after controlling for study quality characteristics and examine whether post-intervention changes in heavy episodic drinking explain any effects on DWI outcomes.
Method

Study inclusion
This meta-analysis synthesizes findings from a subset of studies included in a larger systematic review on the effectiveness of BAIs for adolescents and young adults [26] . Studies eligible for the larger parent review met the following eligibility criteria: (1) evaluate a brief alcohol intervention designed to have beneficial effects on participants' alcohol use or alcohol-related consequences; (2) have no more than five hours of total contact time and no more than four weeks in duration between the first and last session; (3) use a randomized or quasi-experimental research design that included a comparison condition of no treatment, wait-list control, or some form of treatment as usual; (4) focus on adolescents and young adults age 11-25, or on samples of undergraduate college students; (5) assess the effects on at least one alcohol use or alcohol-related problem outcome; (6) provide enough information to calculate postintervention effect sizes indexing differences between groups on relevant outcomes; (7) be conducted in 1980 or later. There were no geographic or language restrictions on eligibility. To be eligible for inclusion in the current meta-analysis, studies had to additionally report a DWI-related outcome.
Literature search and coding procedures
We used a comprehensive search strategy to identify all published and unpublished studies that met the aforementioned inclusion criteria. The following electronic bibliographic databases were searched through December 31, 2012: CINAHL, Clinical Trials Register, Dissertation Abstracts International, ERIC, International Bibliography of the Social Sciences, NIH RePORTER, PsycARTICLES, PsycINFO, PubMed, Social Services Abstracts, Sociological Abstracts, and WorldWideScience.org. The full search strategy used in ProQuest is listed in the Appendix. We also conducted extensive grey literature searching, including websites, conference proceedings, hand searching of journals, and harvesting of references from bibliographies [26] .
Under the supervision of the project's principal investigator (this study's second author), a team of six masters's level research assistants first screened all abstracts/titles to eliminate clearly irrelevant reports. All six researchers initially screened 500 randomly selected abstracts/ titles and discussed disagreements until 100% consensus was reached. The remaining abstracts/titles were screened by one researcher, with the principal investigator reviewing all their screening decisions as a second screener. Any disagreements were discussed until consensus was reached. If there was any ambiguity at the abstract/title phase, we retrieved the full text report for further review. Full text was retrieved for all reports that were not judged explicitly ineligible in the initial screening. The same team then used the same procedure to screen full text reports and make final eligibility decisions, with the principal investigator again reviewing all eligibility decisions and consensus used to resolve any disagreements [26] .
Page -03
ISSN: 2330-2178
Eligible studies were then coded on a range of variables related to study methods, intervention details, participant characteristics, statistical findings, and general study characteristics. Data extraction followed a standardized coding protocol, with data entered directly into a FileMaker Pro database. Coding was conducted by the same research team after several weeks of training led by the principal investigator. During training, five studies were coded by all coders, who then convened to resolve coding discrepancies until 100% consensus was attained on all coded variables. After the training period, coding questions were addressed in weekly meetings and decided via consensus with the group. In addition, the principal investigator reviewed all coding and resolved any further discrepancies via consensus with the initial coder.
The study participant characteristics of interest that were coded included age, percent in college, percent male, racial/ethnic composition of groups, and baseline alcohol consumption level. Intervention characteristics included: focal modality (cognitive behavioral skills training, cognitive behavioral + motivational enhancement, expectancy challenge, family focused therapy, feedback/information only, motivational interview, psychoeducation, or other), format (self-administered, individual, group, or family), dosage (total duration, number of sessions, and number of days between first and last session), and DWI focus (1=intervention included DWI-related components). The following methodological characteristics were also extracted: study design (randomized controlled trial, controlled quasi-experiment), attrition (% from pretest to first follow-up), intention to treat (ITT) vs. treatment on the treated (TOT) analysis, inclusion of a CONSORT-style participant flow diagram, and timing of post-intervention follow-up.
Effect size calculation
The outcomes of interest in the meta-analysis were measured with standardized mean difference effect sizes, coded so that positive effect sizes represent better outcomes (e.g., lower frequency of DWI). Standardized mean difference effect sizes (d) were calculated as the difference in group means for the intervention and comparison groups after the end of the intervention divided by the pooled standard deviation for those groups. All standardized mean difference effect sizes were adjusted with the small-sample correction factor to provide unbiased estimates of effect size (g) [27] . For binary outcomes, the Cox transformation was used to convert log odds ratio effect sizes into standardized mean difference effect sizes [28] . We also inflated the standard errors of effect size estimates that originated from clusterrandomized trials when the authors did not properly account for the cluster design in their own analyses. Namely, we multiplied the standard error of the effect size by the square root of the design effect [29] . When cluster-randomized trials did not report the intraclass correlation coefficient (ICC), we used an ICC value of .13, which was the estimated average ICC for all alcohol consumption outcomes across all studies in the parent meta-analysis [26] .
Data analysis
Analytic strategies: A number of studies included in the analyses reported multiple measures of DWI outcomes (e.g., frequency of driving after drinking, car accidents related to alcohol use, driving after 5 or more drinks), measured DWI outcomes at multiple followup points, or compared results of multiple brief intervention groups to a shared control group. As a result, the effect sizes available for synthesis were not statistically independent. To account for the within-study dependencies in the effect sizes, we used three-level meta-analyses using a structural equation modeling approach in all analyses where primary study participants (Level 1) provide multiple effect size estimates (Level 2), which were nested within studies (Level 3) [30] [31] [32] . This analytic approach permitted inclusion of statistically dependent effect sizes within any given meta-analysis without restrictions on the number of included studies or number of effect sizes per study [30, 33] . All mean effect size and meta-regression models were run using the three-level meta-analyses and performed with the metaSEM package in the R statistical environment.
Sensitivity analysis and publication bias: Although our original intent was to examine whether any of the contextual variables moderated intervention effects, the homogeneity in effects ultimately precluded any complex moderator analyses. Therefore, we instead conducted a series of post-hoc sensitivity analyses to explore whether the overall mean effect size for DWI outcomes was robust after controlling for other potential confounding characteristics, such as intervention focus and implementation issues; outcome assessment timing; study design and quality indicators. Finally, we inspected contour-enhanced funnel plots [34, 35] and conducted regression tests for funnel plot asymmetry to assess the possibility of publication bias [36] .
Missing data: When primary studies failed to include enough statistical information needed to estimate effect sizes, we contacted primary study authors for that information. Most authors were responsive to our request and provided the needed information. For those studies where we were unable to obtain the requested data, we did not impute missing effect sizes. There was a small amount of missing data for participant demographic information (see Table 2 ) but we did not impute missing data for any of the variables.
Results
Literature search
In the larger parent systematic review, 7,593 reports were identified in the literature search, of which 2,468 were duplicates and dropped from consideration, 2,641 were screened as ineligible at the abstract phase, and one report could not be located [26] . Of the 2,483 articles retrieved in full text format, 2,452 were deemed ineligible for the meta-analysis because they did not involve an eligible intervention or population, did not use a group comparison research design, did not have an appropriate control group, or did not report results for an eligible outcome (see Figure 1) . One study [37, 38] was excluded from the meta-analysis because we were unable to estimate an effect size based on the information included in study reports.
1 Thus, our review included 12 studies reported in 30 documents providing treatment effect information on some measure of drinking and driving.
Description of included studies
Research study, intervention, and participant characteristics are shown in Tables 1 and 2 for all studies contributing to the metaanalysis. Most studies (75%) were conducted in the United States, with the publication date ranging from 1991 through 2011. The majority of the studies (83%) used randomized designs. Only one-third of the studies (33%) employed an intention-to-treat analysis and fewer than one-half (42%) provided a CONSORT-style chart outlining participant recruitment and retention. The average overall attrition rate across groups was moderate, at 23%. In all studies, outcome data were self-reported by youth. Operationalization of the drinking and driving outcomes varied across studies. Most studies (75%) reported frequency of drinking and driving over a specific period of time. Only a few studies used items from validated scales such as the Rutgers Alcohol Problem Index [39, 40] , Drug Use Screening Inventory [41] , or Drinker Inventory of Consequences-2L [42] . Most outcomes were reported prior to or at the six month interval, with only five studies providing data for 12 month results.
The meta-analysis synthesized data from 5,664 students from 12 independent study samples (2,945 in intervention and 2,719 in control conditions). Two studies provided effect sizes comparing two unique intervention groups with two unique control groups, and two studies compared two unique intervention groups with shared control groups; consequently, there were 16 intervention conditions represented in the meta-analysis. Participants were on average 17 years old (range was 13.5 to 20.5 years). On average, participant samples were more than one-half (57%) male and 70% White.
2 Nine interventions targeted college students, six focused on high school students, and one targeted both high school and college youth. Most participant samples (76%) could be classified as regular or potentially hazardous alcohol users based on frequent heavy episodic drinking reported at baseline assessments.
Motivational interviewing/motivational enhancement (MET) was the most frequently applied intervention modality (44%), followed by the combination of cognitive behavioral (CBT) and MET (25%). Nearly one-half of the interventions were delivered individually (44%), one-third were provided in a group format, and the remainder were self-administered via computer or driving simulator. On average, interventions lasted 70 minutes (range from 2.5-240 minutes), with the majority delivered in 1-2 sessions. Most of the interventions (63%) involved some discussion of drinking and driving. For example, the Lifestyle Management Class (LMC) [43] incorporated a discussion about legal considerations around drinking and driving. Another study used a brief motivational interview that included an information sheet about the effects of alcohol on driving [44] . One study examined the effects of a driving simulator intervention that focused specifically on demonstrating how alcohol detrimentally affects driving performance [45] . Finally, three studies involved discussion of harm-reduction approaches, such as planning for safe transportation [39, 40, 42, 43] . Figure 2 shows results from the meta-analysis synthesizing 30 effect sizes from 12 studies (16 intervention groups) on the DWI outcomes. Effect sizes ranged from -0.48 to 1.02 and although most were positive (i.e., favoring the intervention conditions) only five of the 30 effect sizes were significantly different from zero. Nonetheless, the overall results from the meta-analysis indicated that BAIs were associated with statistically significant improvements (i.e., reductions) in DWI, relative to control conditions ( g = 0. 15 =1.00%). 3 Thus, on average, BAIs were associated with a 0.15 standard deviation improvement in DWI outcomes, relative to outcomes for youth in the comparison conditions.
Main intervention effect
The reductions in DWI outcomes were larger when we additionally controlled for corresponding intervention effect sizes on heavy episodic drinking outcomes. Results from a bivariate threelevel meta-regression model indicated that BAIs that yielded larger reductions in heavy episodic alcohol consumption among under age youth were also likely to yield larger subsequent effects on DWI outcomes (b = 0.37, 95% CI [+0.00, 0.75]). Statistically controlling for effects on heavy episodic drinking outcomes also slightly attenuated the overall mean effect size ( g = 0.11, 95% CI [0.04, 0.18]). This finding has important implications for future research and practice, which we address in the discussion section.
Although the primary objective of this study was to examine whether BAIs were associated with reductions in DWI outcomes among participants, it is worth noting that on average, these interventions were also effective in reducing alcohol consumption, which was the primary target of the interventions ( g = 0.11, 95% CI [0.03, 0.20]). Thus, there was evidence that BAIs were not only effective in reducing alcohol consumption among adolescents and young adults, but also led to significant reductions in DWI outcomes.
Sensitivity analyses
Results from the meta-analysis for DWI outcomes indicated homogeneity in effects, as evidenced by small τ 2 = 1.00%), and a non-significant heterogeneity statistic (Q = 26.62, p = .59). Table 3 presents the results of these sensitivity analyses, estimated using three-level metaregression models that additionally controlled for the following study characteristics: whether the brief intervention included DWI information components (e.g., information about the effects of alcohol on driving); whether the study authors reported clear implementation problems with the intervention (versus not); posttest timing of DWI outcomes (in weeks); quasi-experimental research design (versus randomized controlled trial); whether the authors conducted a TOT analysis (versus ITT analysis); and overall study attrition. Model 1 shows results from six separate bivariate metaregression analyses examining each covariate, in turn. Because we did not have sufficient degrees of freedom to include all covariates in a single multivariable meta-regression model, we then estimated a meta-regression model that included the three statistically significant covariates from the bivariate analyses (Model 2).
As shown in Model 1 (Table 3) , three covariates had significant or marginally significant bivariate associations with the magnitude of the DWI effect sizes. Namely, intervention effects on DWI were larger for interventions without implementation problems (b = -0.08, 95% CI [-0.16, 0.00]), those using TOT analysis (b = 0.04, 95% CI [0.00, 0.07]), and those with lower attrition rates (b = -0.26, 95% CI [-0.49, -0.03]). Notably, BAIs were effective in reducing DWI, regardless of whether the intervention explicitly provided information related to DWI, outcome measurement timing, and research design.
As shown in Model 2, the multivariable meta-regression model yielded a similar pattern of results as those seen with bivariate models. Again, results indicated that improvements in DWI outcomes were larger for interventions without implementation problems (b = -0.11, 95% CI [-0.35, 0.12]) and those with lower attrition rates (b = -0.11, 95% CI [-0.51, 0.28]); but neither of these effects were statistically significant. After controlling for the other study quality measures, the TOT variable was no longer positively associated with the DWI outcomes. Controlling for the three study characteristics attenuated their associations with intervention effects. In addition, it increased the overall mean effect size ( g = 0.26, 95% CI [0.13, 0.40]) indicating that the weaknesses in study design and implementation might have led to overly conservative estimates of the main intervention effects.
Publication bias
To assess the risk of publication bias we visually inspected a contour-enhanced funnel plot for the DWI effect sizes included in the meta-analysis (see Figure 3) . Examination of the funnel plot indicated asymmetry and a general lack of studies in the literature with null or negative effects (regardless of sample size). We used the three-level meta-analytic framework to regress the DWI effect sizes on their standard errors, and found evidence that effect sizes were positively and significantly associated with their standard errors (b=0.83, p = .01).
Discussion
We used three-level meta-analytic models to synthesize findings from 12 studies examining the effects of BAIs on DWI outcomes among 16 different intervention groups composed of adolescents and young adults. The results indicated that BAIs were associated with modest but statistically significant reductions in drinking and driving, relative to controls. Adolescents and young adults who participated in BAIs reported decreased driving after drinking and related consequences compared to those who did not participate in such interventions. The reductions in drinking and driving were statistically significant, but somewhat modest in clinical terms -many individual studies failed to report statistically significant results on their own, but pooling across studies indicated that BAIs yielded a 0.15 standard deviation improvement in drinking and driving outcomes. Similarly, these interventions had a modest but statistically significant positive effect on overall alcohol consumption among adolescents and young adults. Whether these effects are clinically meaningful will of course depend on client populations, client preferences, and practice settings.
Results from our study were consistent with prior research indicative of relative responsivity of young participants to brief interventions [25, 26, 47] . For example, results from a meta-analysis of eight BAIs supported their beneficial effects for adolescent substance users [25] , and another meta-analysis of 43 computer-delivered BAIs [23] also pointed to reduced post-intervention alcohol use and related problems among college students. Results from the current study therefore support the finding that brief interventions offer promise as one way of addressing not only alcohol consumption among adolescents and young adults, but also drunk driving and related consequences.
The current study indicated that BAIs were associated with modest reductions in drinking and driving and that these results were stable after controlling for study methods, implementation, and outcome measurement characteristics. However, the exact mechanisms of [48, 49] . Some scholars have questioned the adequacy of the process measures typically used to verify the link between key components and the effects of the brief motivational interventions [49] . Indeed, many studies of intervention processes rely on participant self-reports, rather than intervention content analysis [48] . A recent re-analysis of three randomized controlled trials assessed the effect of various characteristics of brief motivational interventions on unhealthy alcohol use but found no robust and consistent predictors of outcomes across different populations and settings [48] .
Although homogeneity of effects in this meta-analysis prevented us from conducting complex moderator analysis that could disentangle potential intervention process mechanisms, our results highlighted one potential effective mechanism: improvements in DWI outcomes were larger for interventions that also reduced participants' excessive episodic alcohol consumption. Preventive efforts aimed at DWI reduction might therefore be more effective in reducing drinking and driving if they target heavy episodic use of alcohol that is commonly reported in this age group. Furthermore, inclusion of DWI information in the BAI was not related to drinking and driving reductions. Although some forms of DWI discussion or information might yield larger effects than others, we could not fully explore these nuances given the limited variability in the studies included in the meta-analysis.
It is important to note the limitations of the current metaanalysis related to the primary studies that were synthesized. First, all measures of substance use and DWI were self-reported. Although official reports of alcohol-impaired driving (i.e., documented DWI ISSN: 2330-2178 related crashes or arrest BAC) are more objective indicators than selfreports, laws guiding the incidence reporting and collection of these statistics vary by geographical location, and many DWI events are undetected by law enforcement [13, 22] . Thus, despite the possibility of reporting bias, self-reported data might still provide reasonably accurate estimates of youth's frequency of drinking and driving.
The results of sensitivity analyses also indicated the possibility of publication bias. It does not appear that the bias is due to small study bias per se, given that null/negative effect sizes are missing from the literature regardless of the sample sizes of those studies. Of course, one must interpret these results cautiously given that the lack of null/negative findings could be due to publication bias resulting from underreporting of null/negative effects, or could be due to other factors such as the strong efficacy of these interventions for reducing DWI (i.e., if these interventions are indeed consistently effective, then primary studies will rarely report null/negative effects). Furthermore, although it is conceivable that the effects of BAIs on DWI outcomes among adolescents and young adults are universally positive, it is also possible that some primary study authors may fail to report nonsignificant or negative findings. Some authors may believe that null or unfavorable results are more difficult to publish, or may refrain from publishing results they view as unhelpful [50] . Such reporting biases hinder the advancement of science and evidence based decision-making, however, and thus it is critical that primary study authors report all results from studies regardless of their magnitude or direction.
Future research should address effective mechanisms of behavior change in BAIs intended to reduce DWI among underage youth. The parent meta-analysis on which the current sample was based found a number of BAI therapeutic components associated with increased efficacy, including decisional balance or goal-setting exercises, personalized feedback reports, and norm referencing components [26] . Future research should, therefore explore whether certain therapeutic components such as these play different roles in increasing the effectiveness of BAIs on DWI outcomes, or if there are divergent mechanisms underlying observed effects for alcohol consumption versus DWI outcomes.
The current meta-analysis focused exclusively on BAIs in isolation from other types of interventions, thus future research is also needed to examine if BAIs are most effective as stand-alone interventions or in combination with other types of selective approaches. For example, one study suggested that brief parent interventions may reduce highrisk teen driving [51] . Such interventions are not administered directly to the underage drivers but rather influence parental regulation of teen driving and could be a potentially promising addition to BAIs directly targeting younger drivers. Consequently, an important future research direction would be to investigate the effectiveness of combination of brief interventions with other selective measures among underage drinkers.
In conclusion, BAIs are associated with modest positive reductions in driving after drinking and related consequences among adolescents and young adults. These interventions may therefore constitute a cost effective preventive approach to address drinking and driving widespread in this age group. More research is needed to examine if other low-cost interventions can yield similar or larger effects. More methodologically rigorous research on this topic could provide further confidence in the effect estimates derived in this research synthesis. The relatively modest observed effects might be due to the poor methodological practices that are common in this literature (e.g., lack of intention-to-treat analyses, reliance on selfreported outcomes). Although additional research is required to investigate the mechanisms underlying these observed behavior changes, results to date indicate that reducing heavy episodic alcohol consumption may be one way in which BAIs can reduce drunkdriving instances among youth.
